Cellular and humoral immune responses to Pneumocystis carinii were investigated. ICR and DDD mice were intranasally infected with 104 mouse lung-derived P. carindi, and the delayed-type hypersensitivity (DTH) reaction and antibody titers to P. carinii were measured along with the number of P. carinii cysts in the lungs after infection. The number of P. carinii cysts in the lungs peaked at 2 weeks after infection and then decreased to barely detectable levels by 4 weeks. Serum antibody (immunoglobulin G) titers measured by indirect immunofluorescence increased up to 4 weeks. The DTH footpad reaction was most prominent at 2 weeks postinfection and declined thereafter. Thus, the decline in the number of P. carinii cysts in the lungs corresponded well with the time of the peak of the DTH reaction but not with the serum antibody response. Spleen T cells from infected mice mediated the DTH reaction when transferred intravenously into normal recipients and reduced the number of P. carinii cysts in the lungs when transferred intravenously into P.
Pneumocystis carinii, a ubiquitous parasitic organism of low virulence, plays an important role in pneumonia of immunocompromised humans and lower animals (1, 3) . Although the host-parasite relationship has been studied extensively with naturally caused and drug-provoked rat pneumocystosis, a paucity of studies of experimental infections with isolated organisms has hampered a precise understanding of the mechanisms of host defense to P. carinii. Recently, P. carinii was isolated in athymic nude mice without the use of an immunosuppressive drug (5, 8, 11) , and this enabled us to perform experimental infections in mice. Previously, an experiment was conducted to investigate the participation of T cells in the recovery from established P. carinii infections in nude mice by passive transfer of spleen T cells, examination of cyst counts in lungs, and histopathology (5) . The results indicated that the transfer of spleen T cells but not of immune serum was effective for recovery from P. carinii infections. This information led us to investigate the immune response of euthymic mice to infection with P. carinii, especially the delayed-type hypersensitivity (DTH) to a P. carinii antigen, because normal mice usually tolerated the infection without any signs of illness. Despite much evidence suggesting that the resistance to pneumocystosis may be T cell mediated (4, 7, 9, 10) , little is known about the mechanisms of such resistance.
MATERIALS AND METHODS
Animals. Outbred ICR mice were purchased from a commercial breeder (Charles River Japan Co., Atsugi, Japan).
Inbred DDD and BALB/c mice were obtained from the Animal Center of the Institute of Medical Science. Female mice 4 weeks old were used in this experiment. These mice were maintained in cages which were covered with a filter cap (Sankikagaku, Tokyo, Japan) and placed in laminar air-flow racks. To check for latent P. carinii infections in these mice, we maintained some ICR and DDD mice pur-* Corresponding author.
chased from the same sources in a similar way and injected them with cortisone acetate (2.5 mg per mouse) two times per week for 1 month. None of the treated mice developed overt illness with clinical signs and histopathological evidence of pneumonia or P. carinii cysts in lung homogenates.
P. carinii. P. carinii was isolated from a naturally infected nulnu mouse and maintained by passage in nulnu mice. Passages were done as follows. The first passage was made by contact transmission between noninfected adult nulnu mice within a cage. For the second and further passages, noninfected nulnu mice were inoculated intranasally (i.n.) with a 1:10 suspension of infected lung suspension in minimum essential medium (Eiken, Tokyo, Japan). The inoculum contained ca. 104 P. carinii cysts. At 4 to 5 months after infection, when the nulnu mice developed severe wasting syndrome with coughing and cyanosis, these mice were sacrificed and served in the next passage. Sixth-passage organisms were used in the experiment. The lungs of a nulnu mouse were aseptically removed, and a 1:10 homogenate in minimal essential medium was prepared in a glass homogenizer.
Inoculation and measurement of the number of lung cysts.
Under ether anesthesia, ICR and DDD mice were inoculated i.n. with 104.6 cysts in 0.05 ml of minimal essential medium. The number of P. carinii cysts in the inoculum was counted by microscopy on a smear that contained 25 ,ul of infected lung homogenate (1:10 suspension) and was stained with toluidine blue 0 (2). An entire smear was surveyed for stained cysts. Thus, the level of detection by this procedure was 4 x 102 cysts per g of lung.
P. carinii antigen. P. carinii cysts were obtained from infected nulnu mouse lung tissue as previously described (5 Histopathology. Main organs were fixed in 10% buffered Formalin, and paraffin sections were made and stained with hematoxylin-eosin and periodic acid-Schiff stains. Some sections were stained by the Grocott silver impregnation method. After fixation, both hind feet were bisected longitudinally and decalcified in 10% formic acid containing buffered Formalin, and paraffin sections were made and stained with'hematoxylin-eosin.
RESULTS
Histopathology of infected lungs. Histopathological changes were examined at various times after infection in ICR mice. Lesions in the lungs were slight or almost absent in most of the mice. At 1 and 2 weeks a slight inflammatory reaction, infiltration by monocytes and lymphocytes, was seen in slightly thickened alveolar septa, and at 3 and 4 weeks only scattered mononuclear cell infiltration was noticed in alveolar septa (Fig. 1 ). There were few noticeable changes in the alveolar spaces in any of the mice, and P. carinii cysts could not be detected in the sections.
Growth of P. carinii cysts and development of antibody in ICR mice infected with P. carinui. The growth of P. carinii cysts in the lungs of ICR mice is shown in Fig. 2 . After i.n. inoculation of 104.6 cysts, ca. 10% of the inoculated cysts could be recovered from the lungs when examined at 1 h.
The number of cysts in the lungs decreased to below detectable levels at 1 week after infection; the number of cysts then increased by 2 weeks to almost the same number in the initial deposit. After that, the number of cysts decreased again by 4 weeks to barely detectable levels, although a considerable individual variation was seen at 3' weeks. Serum IgG (four mice) or IgM (one mouse) antibody titers measured by IF appeared at 1 week after infection in. five mice. Later on, as shown in Fig. 3 , IgG antibody titers increased up to 4 weeks, whereas a low IgM antibody titer was detected in only one of the five mice at 2 and 3 weeks. (Fig.  4) . The immediate (3-h) reaction was seeh at a low level at 1 to 4 weeks. In noninfected control mice no appreciable increase in footpad size was seen at 3 or 24 h after challenge. A slight but definite mononuclear cell infiltration characteristic of the DTH response was seen in mice examined at 2 to 4 weeks after infection (Fig. 5) . In contrast, no such cell infiltration was seen at 1 week after infection in noninfected controls.
Transfer of DTH to P. carinii in mice. To confirm further the generation of DTH-mediating T cells in P. carinii-infected mice, we divided spleen cells (immune) from DDD mice infected 2 weeks previously into two groups. One group was treated with anti-BAT serum and C', and the other group was treated with normal rabbit serum and C'. The spleen cells were transferred to syngeneic naive recipients, and the footpads were tested immediately after the cell transfer. The results showed that immune spleen cells treated with normal rabbit serum and C' were able to transfer the DTH response to naive recipients; however, spleen cells treated with anti-BAT serum and C' could not transfer the DTH response (Table 3) .
Adoptive immunity conferred by spleen cells. Adoptive immunity was examined with immune spleen cells from mice Adoptive immunity was achieved after the transfer of 107 immune spleen cells (Table 4) .
DISCUSSION
The role of a specific host immune response in the progression of and recovery from P. carinii infections is poorly understood. Furuta et al. (5) reported that the transfer of T cells but not immune serum into P. carinii-infected nude mice reduced the number of P. carinii cysts in the lungs and resolved pneumocystosis, indicating that T cells are capable of acting against P. carinii in vivo. However, it has not been clarified yet whether T cells are indeed involved in (5), immune serum was ineffective in causing the infection to subside when the serum injection was started at the time of infection. Although it has been reported that hyperimmune serum is preventive when applied before the start of a P. carinii infection, as seen in a previous experiment with rabbit antiserum to P. carinii (5), the use of mouse convalescent serum and more frequent injections after a P. carinii infection has begun might disclose the effectiveness of antibodies in the recovery from infection. Further studies seem to be required on this point.
The results seem to suggest that T cells mediating DTH play an important role in recovery from P. carinii infections. To confirm further the participation of T cells in P. cariniiinfected mice, we studied the adoptive transfer of footpad reactivity. When spleen cells were used from mice infected i.n. 2 weeks previously, the time at which the peak of delayed footpad reactivity occurs, DTH was adoptively transferred. However, this activity was lost when anti-BAT serum and C' were used. This result strongly suggests that T cells mediating DTH are generated after i.n. infection in euthymic mice. Moreover, the adoptive immunity experiment showed that the increase in the numbers of cysts between 1 and 2 weeks after infection was inhibited by the transfer of spleen cells from infected (2 weeks) mice but not normal mice. These data seem to indicate that cell-mediated immunity is relevant to protection from P. carinii infections.
Histopathological examination revealed only limited changes, namely perivascular and peribronchiolar cell infiltrations resulting in a thickened alveolar septum. P. carinii cysts were not detected in histopathological sections, probably because of a low concentration of cysts (104 per lung) (4, 5) . Although histopathological findings did not provide sufficient information on the kind of cell participating in protection, the immunological findings of the present study and the results of previous experiments (4, 5) 
